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Note to the Reader:

The attached draft report is a draft report of the EPA Science Advisory Board (SAB). The
draft is ill undergoing find interna SAB review, however, in its present form, it represents the
consensus pogition of the pand involved in the review. Once approved asfind, the report will be
transmitted to the EPA Administrator and will become available to the interested public as afind

report.

This draft has been released for general information to members of the interested public and to
EPA gaff. Thisis conssent with the SAB policy of rdeasing draft materias only when the Committee
involved is comfortable that the document is sufficiently complete to provide useful information to the
reader. The reader should remember that this is an unapproved working draft and that the document
should not be used to represent official EPA or SAB views or advice. Draft documents at this stage of
the process often undergo significant revisons before the final version is gpproved and published.

The SAB is not soliciting comments on the advice contained herein. However, as a courtesy to
the EPA Program Office which isthe subject of the SAB review, we have asked them to respond to
the issues listed below. Congstent with SAB policy on this matter, the SAB is not obligated to address
any responses which it receives.

1 Has the Committee adequatdly responded to the questions posed in the Charge?
2. Are any statements or responses made in the draft unclear?
3. Are there any technicdl errors?

For further information or to respond to the questions above, please contact:

Mr. Samuel Rondberg, Designated Federd Officer
EPA Science Advisory Board (1400A)

US Environmentd Protection Agency

1200 Pennsylvania Avenue, NW

Washington, DC 20460-0001

(301) 812-2560 Fax: (410) 286-2689

E-Mail: samuer717@aol.com
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November 16, 2001

EPA-SAB-EHC/IHEC-02-X XX

Honorable Chrisine Todd Whitman

U.S. Environmenta Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Subject: Review of the Draft Document “ Ranking Air Toxics Indoors’ by the
EPA Science Advisory Board
Dear Governor Whitman:

A Joint Committee of the Science Advisory Board, including Members and Consultants from
the Environmenta Health and Integrated Human Exposure Committees, met on July 19, 2001, to

review. a draft methodology for generating an order-of-magnitude, screening-level ranking of key indoor
ar toxics.. The methodology was developed by EPA’ s Office of Radiation and Indoor Air (ORIA).as
an outgrowth of the methodology used to select key pollutants for the Nationd Air Toxics
Program/Urban Air. Toxics Strategy.

The Charge for the review , and the Joint Committeg’ s findinas, indluded the following issues

a |s the overall methodology suitable for the purposes of the ranking andysis (i.e.,

development of an “order-of-magnitude,” screening-level ranking and sdlection of key

ar toxics indoors)?

In generd, the Joint Committee finds that the pr methodol used in the document
appears to be appropriate (subject to the caveats noted below) for the purpose of providing a

the specific application is serioudy flawed. Asit is currently applied. the document’ stitle istoo

generd and implies a comprehensveness that it does not contain. A more accurate title to the

report in.its current form would be “ Ranking Selected Indoor Organic and Metdlic Air Toxics.”
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i.e. to identify the "top" (highest risk) ranked or first tier chemicals of those available to be

ranked, versus ones ranked in the middle or lower tiers. Although an order of magnitude

ranking.will work, using the results as a surrogate for absolute risk is inappropriate because of

absolute ranking.

The SAB has recently completed review of the National Air Toxics Assessment which relied

document's explanation of the superiority of monitoring datato moded results. Models, if

properly cdibrated and vdidated, can sometimes compensate for deficiencies in. monitoring

short-term vs. lono-term monitoring, etc. Given the severe limitations of existing direct

monitoring data, it might be advisable to consder supplementing. the approach with a* screening

leval” indoor fate and exposure moded to draw upon other sources of informetion (i.e.,
emissions data, chemica use data, activity data, ...).

b) Are the criteria used to sdlect the monitoring Sudies for the analys's appropriate? Are
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bdieve should be included in this andyss? Were the methods used to sdect and

The criterialisted in the draft document seem to be consistent with the objectives of the report.
However, these criteria need to be much better defined. And, as noted above, the referenced

important (e.q., carbon monoxide, radon, ashestos, fine particulates, nitrogen oxides, ozone,

and compounds associ ated with environmenta tobacco smoke) are not included in this

C) |s the methodology for selection of the *risk-based concentrations’ (RBC) (based on
that presented in the Technicd Support Document for the Nationd Air Toxics
Program/Urban Air Toxics Strategy) useful_in the context of this analyss?

The Joint Committee fet that the methodoloqgy for the selection of RBC was reasonable for
purposes of a preliminary screening level ranking, but thet the limitations of the methodology
must be better explained.. An.appendix listing dl the possible RBC for each chemicd derived

d) How well have we described and addressed the adequacy. limitations, and uncertainties
of the analyds, induding:

1) |ncomplete data on indoor concentrations and hazard/risk indices
2) Difficulties in determining the representativeness/accuracy of the “typicd” levels

The use of short-term monitoring data to represent chronic exposure periods
| ssues related to the age of the data

Vaiationsin the methods used by the various agencies to arive at the hedth
indices, which are the basis for the “risk-based concentrations?”

g e

With afew exceptions, the document adequately describes and discusses the major
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uncertainties of the anadyss in quditative terms. Improvements in the treatment that would
enhance the utility of the document and its transparency to readers are detailed in the Joint

Committee s report. Limitations and uncertainties will be more or less important depending on
the decisons that will be influenced by the ranking results and the environment in which the

decisons are made,

The Joint Committee also addressed some issues not specificaly posed by the Charge, and

advanced severd recommendations, including;

a Make the document clear as to the specific pur for which it can be used, and
whom. Thisinformation is centra to evaluation of the adequacy and appropriateness of
the document

b) Specifically consder sensitive populations, including children, people with diseases such

as.asthma or chronic obstructive pulmonary disease, pregnant femdes, the elderly, €.

c) Perform some type of validation, which could range from a smple check to see that the

ranking sugoests action is warranted.

EPA is currently developing an indoor air toxics strategy to reduce risks from toxic air

an increased emphasis upon, and allocation of resources to address, the health importance of indoor

toxics exposures and. would offer our expertise and experience to asss with the formulation of the
srategy through al stages of its devel opment,

We look forward to awritten response to the Committee’ s recommendations to make

we may.be of further assstance.
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NOTICE

This advisory has been written as part of the activities of the Environmenta Protection Agency (EPA)
Science Advisory Board (SAB), apublic advisory group providing extramurd scientific information and
advice to the Administrator and other officias of the EPA. The Board is structured to provide
balanced, expert assessment of scientific matters related to problems facing the Agency. This report
has not been reviewed for gpprova by the Agency and, hence, the contents of this report do not
necessarily represent the views and policies of the EPA nor of other agenciesin the Executive Branch
of the Federd Government. In addition, the mention of trade names or commercia products does not
condtitute a recommendation for use.

Distribution and Availability: This Science Advisory Board report is provided to the EPA
Adminidrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epagov/sab). Information on its availability isaso
provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additional
copies and further informetion are available from the SAB Staff.
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1 EXECUTIVE SUMMARY

A Joint Committee, including Members and Consultants from the Environmental Hedlth
Committee and the Integrated Human Exposure Committee, met on July 19, 2001, to review a draft
methodology for generating an order-of-magnitude, screening-level ranking of key indoor air toxics.
The methodology was developed by EPA’s Office of Radiation and Indoor Air (ORIA) asan
outgrowth of the methodology used to select key pollutants for the Nationa Air Toxics Program/Urban
Air Toxics Strategy ...

The Charge for the review , and the Joint Committee s findings, included the following issues
a) Is the overal methodology suitable for the purposes of the ranking andysis (i.e,
development of an “ order-of-magnitude,” screening-level ranking and sdlection of key

ar toxicsindoors)?

In generd, the Joint Committee finds that the methodology used in the Ranking document

pollutants. As such, any method for ranking indoor air toxics will have sgnificant limitations.
The most serious problem seems to be omissons irirfrom the ranking of numerous toxicants of
limitations in the available data used to complete the ranking, which arein turn due to limitations
in the anaytical methods, sampling approaches, and/or toxicologica assessments. Serme-effort
shedtdEfforts must be made i RGO examine the biases caused by these limitations. The
most important application of thistool may well be to define data gaps, so that better data can
be generated in the most important areas. Furthermore, the ranking method can be improved

by incorporating some indication of the likely ranges of exposures measured indoors.

be preferable to no ranking system at dl (random choice of pollutant for study) or a system that
depends on the chemical-of-the-week syndrome or some other non-risk based set of criteria.
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important resdentia pollutants should be placed in the proper context (and most likely included
in the ranking andysis). Also, the document should be revised to make it clear to the reader
that lack of data or measurements for a given agent means only that data were not available or
were not considered, not that the agent is considered to be of lesser (or greater) risk.

b) Arethe criteria used to sdect the monitoring studies for the analysis appropriate? Are
the studies chosen for the ranking andysis suitable, and are there other studies that you
believe should be included in this andysis? Were the methods used to select and
datidicaly andyze the data within the studies useful to the andlysis?

been measured repeatedly and are known to be important are not included in this* Ranking.”
These include: Carbon monoxide, radon, asbestos, PM2-5fine particulate matter, nitrogen
oxides, ozone, and selected compounds associated with environmenta tobacco smoke(EFS).

The report sates that sudies were not selected that included monitoring data that “ contained
specific chemicd sources (e.g. smoking or specific products or materials).” Therisk agents that
were excluded should be clearly stated in the document dong with the reason for excluson. A
limitation of the sudiesis that monitoring in severd studies occurred during a very limited
period, yet these values are used aslifetime daily exposure levels. Therefore, the mean value
used for chronic exposure could be an overestimate or an underestimate depending on how
representative the sampling period is of average yearly exposure for the chemica in question.
This problem can only be corrected by obtaining better probabilistic based data that takes into
account regional and seasond differences,

) Is the methodology for selection of the “risk-based concentrations’ (RBC) (based on
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that presented in the Technica Support Document for the Nationd Air Toxics
Program/Urban Air Toxics Strategy) useful in the context of this analyss?

The Joint Committee felt that the methodology for the selection of RBC was reasonable for

each chemical derived from each of the different data sources should be added, aswell asa
discussion of limitations in the toxicity studies on which the RBC were based.

d) How well have we described and addressed the adequacy, limitations, and uncertainties
of the andyds, indluding:

1) Incomplete data on indoor concentrations and hazard/risk indices
2) Difficultiesin determining the representativeness/accuracy of the “typicd” levels
indoors

3) The use of short-term monitoring data to represent chronic exposure periods

4) I ssues related to the age of the data

5) Variationsin the methods used by the various agenciesto arrive a the hedth
indices, which are the basis for the “risk-based concentrations?”

Limitations and uncertainties will be more or lessimportant depending on the decisions that will
be influenced by the results and the environment in which the decisons are made.

that potentidly present the most substantia risks)” ranked or first tier chemicals versus ones
ranked in the middle or lower tiers. Although an order of magnitude ranking will work, usng
the results as a surrogate for absolute risk isingppropriate because of the uncertainty in the
database. To be explicit, the results should not be used for absolute ranking.

The Joint Committee also addressed some issues not specifically posed by the Charge, and

mede the following suggestions

a) The document will be ussful for jnitid_screening, but it should be made clear as to what
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b)

d)

evauation of the adequacy of the document

In kesping with USEPA guiddines, this exercise should take into consderation
sengtive populations, which include children, people with diseases such as ashmaor
noted, however, it was not clear how this god could be accomplished without the
application of considerably greater resources than had been devoted to this effort.
This Member suggests thet, given such resources, a feasible option might be to Smply
highlight those substances for which there are known highly. susceptible groups not

A "sengtivity andyss’ to identify decisions and data gaps that have the greatest
influence on the ranking retios' would be useful.

The document should State clearly that lack of data for a given compound should not be
taken to mean that the compound is of lesser or greater risk than compounds for which
data were provided.

Before implementing any action the Agency should perform some measure of vaidation.
This may range from a simple check to see that the relative ranking makes senseto a
quantitative assessment for chemicas that the strategy would suggest action is
warranted. Any quantitative evaluation should build on existing data and previous
evauations. It important to recognize and appropriately document that this ranking may
be flawed because not al relevant chemicas could be included.

Asthe Agency iswedl aware, there are numerous studies that continue to develop data
It is not proposed that the Agency wait on these data to support the current strategy but
that the Strategy be subject to periodic (perhaps annua review) to take advantage of
published data.
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2 INTRODUCTION

2.1 Background

EPA is currently developing an indoor air toxics strategy to reduce risks from toxic air
pollutants indoors, usng non-regulaory, voluntary actions. To help focus their efforts on the most
substantial risks, the Office of Radiation and Indoor Air (ORIA) has developed a draft methodology to
generate an “order-of-magnitude’ screening-level ranking and sdection of key air toxicsindoors. The
ranking andysis used a methodology similar to that used to select key pollutants for the Nationa Air
Toxics Program/Urban Air Toxics Strategy, as presented in the Technica Support Document (TSD,
2000) for that program. The basis of the ranking is 10 monitoring studies chosen to represent typical
concentrations of the pollutants found indoors. These data are combined with health-based indices
(i.e., Risk-Based Concentrations, or RBCs, as defined in the TSD) to obtain ranking indices for both
acute and chronic effects.

The ranking andysiswill dlow ORIA to identify those indoor pollutants thet may present a
greater risk indoors (based on the available data) , and then focus risk reduction efforts on the greatest
opportunities for reducing risks through voluntary, non-regulatory risk management approaches.

2.2 Charge

a) Isthe overdl methodology suitable for the purposes of the ranking analysis (i.e,
development of an “ order-of-magnitude,” screening-level ranking and selection of key

ar toxicsindoors)?

b) Arethe criteria used to sdlect the monitoring studies for the analys's appropriate? Are
the studies chosen for the ranking andysis suitable, and are there other studies that you
believe should be included in this andyss? Were the methods used to sdlect and
datidicaly andyze the data within the studies useful to the andysis?

C) Is the methodol ogy for selection of the “risk-based concentrations’ (based on that
presented in the Technical Support Document for the Nationd Air Toxics
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Program/Urban Air Toxics Strategy) useful in the context of this anayss?

How well have we described and addressed the adequacy, limitations, and uncertainties
of the andyds, indluding:

1
2)

3)
4)
5)

Incomplete data on indoor concentrations and hazard/risk indices
Difficultiesin determining the representativeness/accuracy of the “typicd” levels
indoors

The use of short-term monitoring data to represent chronic exposure periods
Issues related to the age of the data

Variations in the methods used by the various agenciesto arrive at the hedth
indices, which are the basis for the “risk-based concentrations?”
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3 DETAILED RESPONSES

3.1 Suitability of the Overall Methodology for the Ranking Analysis

The first dement of the Charge asked “Is the overal methodology suitable for the purposes of
the ranking andlysis (i.e., development of an “order-of-magnitude,” screening-leve ranking and

selection of key air toxicsindoors)?” The response to thisissue is divided into two sections:

3.1.1. Isthe methodology suitable for the purposes of a screening-level ranking?

Committee agreed that the incorporation of both exposure and toxicity measures was gppropriate.
The Joint Committee notes that there are uses for a quick screening tool that utilize surrogates for
exposure and associated risk. However, it must be clearly noted that such screening tools themselves
do not assess exposure or risk. Therefore, the Membersfdt it iscritical that the report clearly indicate
the limited circumstances under which it is gppropriate to gpply the tool, aswdl as examples of when it

would be inappropriate (as are discussed below). As.agenerd comment, we might note thet, asit is
currently applied, the document’ stitle is too general; amore accurate title to the report in its current
form would be “ Ranking. Sdlected Indoor Organic and Metdlic Air Toxics.”

Moreover, the document should be clearer about how well an uncertain surrogate for risk
performs in atempting to rank pollutants with respect to "red" risk. Presumably, an ided ranking
would rank highest those pollutants for which complete abatement would produce the greatest benefit in
reduced cancer and non-cancer health effectsin the U.S. population. No one really knows what these
"red" risks are, SO we use quotati on marks and think of risk instead as what a state-of-the-art unbiased

ignoring some of the parameters of risk. Such “logt”. parameters would typicaly include thete-g
number of people exposed to each level of exposure) and tshg-tneerta-ornonR-representetive

for-toxicity). If the ranking index changes subgtantialy from rank N to rank N+1 in comparison to the
uncertainties in the data and the factors by which exposure differs from concentration, then those
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uncertainties and smplifications will have relativey little impact on the ranking. Otherwise, the ranking

will usudly be preferable to no ranking system at dl (possibly leading to a random choice of pollutant

for study) or a system that depends on the chemica-of-the-week syndrome or some other non-risk
based set of criteria

The method makes no estimate of the potential population exposures (e.g. numbers of people)
nor for the frequency or duration of exposure. Duration of exposure is potentialy important. Some
indications of the likely ranges of exposure in the population would make the ranking more useful —
perhaps by including a measure of the range of body burdens in the ranking process.

EPA combined carcinogens and non-carcinogens together in the ranking of chemicals because
of astated need to set prioritiesfor dl of the compounds, regardless of the endpoint used. The Joint
Committee recognizes this need, but recommended that it may sill be useful to creste and present a
separate chronic Risk-Based Concentration (RBC) ligt for non-carcinogens and carcinogens. Firg, the

risk assessment approaches are so different between carcinogens and non-carcinogens.  Second,
separating non-carcinogens from carcinogens will provide more focus for chemicas that have important
non-carcinogenic effects that could be swamped out by combining carcinogens and non-carcinogens,

even when using the 10 risk

Agents have been identified using 10 different studies that were chosen as having made
measurements representative of “typical” concentrations of indoor pollutants. However, the andytica
method chosen for a given study determines which subset of indoor pollutantsis measured. For
example, dthough dl of the indoor environments sampled are expected to contain pesticides, only two
studies actualy measured indoor pesticides (EPA, 1990; Gordon, 1999). These studies were designed
to sample, detect and quantify pesticides; the others were not. An analogous statement applies for
polycyclic aromatic hydrocarbons (Sheldon 1992b) or metas (Clayton 1993). In other words, not dl
indoor pollutants are captured by these ten studies; only those that can be measured by the particular
andytical procedures employed will be detected. Not only do different studies capture different
pollutants, but even taken together these ten studies miss certain pollutants known to be present. For
example, pyruvic acid is a human bioeffluent (208 mg/day/person; NRC, 1992) and will be present in
any indoor environment that contains people. Y et none of these ten studies reported concentrations for
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pyruvic acid; none of them were designed to sample and quantify this compound. Pyruvic acid is not
expected to be a human health concern at typica indoor levels, but other undetected/unreported
pollutants are less benign.  Such pallutants include smdll, unsaturated ddehydes, certain highly oxidized
compounds, thermally sensitive compounds, and short lived, highly reactive species that are not readily
detected by andytica methods routinely applied to indoor air (Weschler and Shidlds, 1997a; Wolkoff
et al., 1997). Other examples of potential important toxicants include acrolein, methacrolein,
butadiene, peroxyacetyl nitrate{PAMN), brominated ethers, Criegee biradicds, the hydroxyl radica
(Weschler and Shields, 1996; 1997b) and methyl peroxy radicas. Given the above discussion, the
document should berevised to makeit clear to thereader that lack of data or measurements
for a given agent means only that no data wer e available or were not considered, not that the

agent isconsidered to be of lesser (or greater) risk.

The Joint Committee recognized the limitations of the exigting data and further noted thet this
exercieisredly aranking of those agents that have dready been sampled and chemicaly andyzed.
Thisimplies that somehow these substances were dready determined to have some level of concernin
the indoor environment and that others are not of concern. In point of fact, other potentialy important
agents have not been determined because of difficulties in anaytical methodology or because they were
amply not (understandably) addressed by the available studies, which were done for purposes other
than comparative rankings.

The rdiability of this method is entirdly dependent upon the rdiability of the underlying data for
both exposure and risk based concentrations (see below for further discussion of reliability of data
sources). Data wer e available that would permit estimation of a rank value for only 59 of more
than 1000 potential indoor air pollutants. In developing this method, the available sudies were
reviewed. Only alimited number of studies were of sufficient quality to use for this purpose (more than
50 studies were discarded). For some of the agents, there was inadequate indoor air monitoring (or the
substance was detected |ess than 10% of thetime). Much of the data are relatively old and may not be
relevant to current indoor air pollutants. For example, the data on pesticide levels is more than 10
years, old and the EPA-gpproved uses for these chemicas have changed dramaticaly during that
period. Many residentia uses of those pesticides are no longer permitted, and, a the same time, new
substances have been gpproved (It should aso be noted, however, that many of these agents are very
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with them for years to decades after the last treetment (Delaplane and Lafage, 1990). Therefore, the
data on these insecticides, athough 10 years old, are not as irrdlevant as they might first appear,
athough. idedly, one would like to know the perdstence of each such agent. Other examplesinclude

chlorofluorocarbons, which are being phased out as a consequence of the Montreal Protocol,
trichloroethylene, whose use has declined because of both hedlth concerns and the Montred Protocol.)

reduction response, but this mode does not incorporate any measure of source-driven exposure. It

may aso be that the type of building (e.g., office, resdence, schoal) is asimportant as other parameters
and that the rankings would be more useful if the data were analyzed in terms of specific building types.
From a purely biologicd standpoint, the human body does not artificidly divide exposure between
indoor and outdoor exposure, and it may be most appropriate to consider tota potential exposure
without distinction of the indoor/outdoor source. Some available data on persond exposures should be
used to test the rankings, e.g. where thereis additiona information do we reach the same or different
rankings?

3.1.2 Isthe methodology as described suitable for the“ selection of key air toxicsindoors’ ?

The suitability of the method for assessing “air toxics’ is dependent on the definition of “air
toxics” The Joint Committee notes that many airborne substances (including biologicals, radon and
particulates) found in the resdentid environment are excluded from the current ranking method. The
why biologicas, radon and particulates are not included. 1dedlly, these important resdentia pollutants
should be placed in the proper context (and most likely included in the ranking analysis). It appearsto
the Joint Committee that the methodology would be equaly applicable to al residentid pollutants.
Alternatively, the scope could be redefined to convey the more limited class of substances that arete
beranked. Asiti . oy : .

The overadl methodology does not adequately account for the fact that the indoor
concentrations of some “key” pollutants are margindly characterized. For example, most of the
pesticide data are from just one study, conducted in two cities (EPA 1990). It addressed only alimited

10
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subset of the housing stock, sampled between 1986 and 1988 before some of these pesticides were
withdrawn from commerce. This one study yielded 6 of the top 16 compoundsin Figure C7 (indoor
mean/chronic case 1 Risk Based Concentration {RB€)) and 6 of the top 14 compounds in Figure C13
(indoor-outdoor mean/chronic case 1 RBC).!

Although the referenced studies span a lar ge range of chemicals, they do not include
most of the identified indoor chemicals of concern. A number of indoor pollutantsthat have
been measured repeatedly and are known to beimportant are not included in this* Ranking.”

These include: carbon monoxide, radon, asbestos, fine particulate matterPM25, nitr ogen

oxides, ozone, and selected compounds associated with environmental tobacco smoke{EFS).
Although these substances may have been omitted from thisranking by design, the Joint
Committeefedsthat it would be ingtructive to apply the ranking method to these “ common”
indoor air pollutants, if only to provide a set of benchmarksfor under standing the rankings for

the other substances.

The presentation of results in the report was admirably clear and straightforward. However, for
chemicas where data are limited, it is recommended that, in the Figures (4.1, 4.2, and 4.3), an
dternative symbol (other than the one for “Mean”) be used when thereis only one sudy. Thisisthe
case for metas (Clayton 1993), for pesticides (with the exception of chlorpyrifos and diazinon) (EPA
1990), and for polynucleated aromatic hydrocarbonsPAHs: (Sheldon 1992).

geographical representativeness as well asfor the target populations. Of particular concern to the Joint
Committeeis the need for unique rankings for exposures to children, since children have different
activity patterns that need to be considered. There should be some consideration of those chemicas
that may have a bigger exposure for children (e.g. substances preferentialy found in carpets). (Further
comments about special consderation of children’s exposures are provided in section 3.5 of this

report.)

The overdl methodology for ranking the chemicas involved determining arisk based

1Only chlorpyrifos and diazinon are reported in Gordon 1999; all of the other pesticides come from EPA,
1990.

11
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concentration for cancer and non-cancer endpoints. The risk based concentrations were obtained from
recognized sources such as EPA IRIS (Integrated Risk Information System), EPA’s Acute Exposure

prioritized these sources was consstently gpplied for al the chemicals, the actua vaues selected came
from variable sources with different levels of peer review and rdiability, different approachesin
selecting the most sensitive endpoint of concern and different gpplication of uncertainty factors. The
differencein rdiability and consstency of risk management decisions within and across these different
organizations can have an important impact on the rdative ranking of chemicads. In addition, itis
unclear the extent to which severity of effect is taken into account in deriving the risk based
concentrations. The Joint Committee recognizes the difficulty of addressing these limitations, and, as
stated above, advancesit asan ideal. Nevertheless, an important step forward toward achieving this
idedl isto make sure that this report provide the critical factors that inform how the risk based
concentrations were derived. At a minimum, the Joint Committee recommends that for non-cancer
endpoints, the report tabulate the critical endpoint, the type of study (e.g. dog chronic, rat teratology,
human study), the Lowest Observed Adverse Effects Level (LOAEL) and No Observed Adverse

intragpecies, 10 interspecies, 5 subchronic to chronic). For cancer endpoints, a brief description of the
tumor type and study used, as well as the unit risk should be included.

of selected toxic chemicas, but the participants are concerned about important omissions associated

with the gpproach. The most serious problem seems to be omissionsin the ranking of numerous
toxicants of concern (e.g., “stedth” and criteriaair pollutants listed above). These are due to limitations
in the available data used to complete the ranking, which are in turn due to limitationsin the anaytica
methods, sampling approaches, and/or toxicological assessments. The biases caused by these

measured indoors. To identify individua chemica data gaps it would be hdpful to have atable thet liss
categoaries of information available for each of the ranked chemicals.

3.2 Useof Studiesfor the Ranking Analysis

12
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The second Charge element asked “Are the criteria used to select the monitoring sudies for the
andysis gppropriate? Are the studies chosen for the ranking andysis suitable, and are there other
sudies that you believe should be included in this andyss? Were the methods used to sdect and
gatidicaly andyze the data within the studies useful to the andyss?” These three inter-related
guestions are addressed separately below:

3.2.1 Arethecriteria used to select the monitoring studiesfor the analysis appropriate?

The three criteria are listed on page 4 of the draft report:

a) Results presented were representetive of typical concentrationsin indoor non-industria
environments. Studies were not selected that contained monitoring data from buildings
chosen because they had indoor air quaity complaints, contained specific chemica
sources (e.g., smoking or specific products or materials), were located near known

outdoor sources (e.g., university laboratories or mining sites), tc.

b) Reasonably high confidence in vdidity of results, based on sample and andysis
methods, and quality assurance procedures.

C) Data are of type and format suitable for incluson in the risk ranking matrix.

These criteriaarein line with the objective of the report. However, they need to be much

the criteria established for the literature sudies. By improving the discussion of the criteria used by the
EPA to sdlect studies, the Agency can be much more specific about what they want to rank and, more
important, what they think they can (or cannot) rank.

Thefirg criterion redly defines the breadth of the gpproach. Although the report identifies
“typica concentrations in indoor non-indusirid environments® as the focus of the ranking, severd other
things should be included when using “representative’ as a sdlection criterion. At aminimum, the first
criterion should specify where (urban regions, agricultura regions, the contiguous U.S,, ...); who

13
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(adults, children, mae, femde, a probability based sample of the non-ingtitutiondized U.S. population,
...); when (retrospective analys's, prospective anays's, long-term average, short-term average, ...);
and for what chemica(s) (al chemicds, measurable chemicas, volatile organic. compoundsv-OEes,
metds, pesticides, ...) and media (indoor/outdoor air, persona air, house dust, surfaces, foods, ...).

Thisis dso the place to identify the exposure pathways that are included in the ranking process
(inhaation of indoor air) and which are excluded (dietary and non-dietary ingestion, dermd, al outdoor
pathways and indoor pollutants of outdoor origin).

Additiona explanation is aso needed regarding the studies that were not selected. The report
dates that studies were not selected that included monitoring data that * contained specific chemical
sources (e.g., smoking or specific products or materials).” The risk agents that were excluded should
be clearly stated in the document along with the reason for exclusion. In some cases, the chemicals
may have been excluded because a separate effort was made to specifically address these chemicals
(e.g.. radon). If so, this should be clearly stated and referenced. In other cases, afew sentences are
needed to clarify some apparent discrepanciesin sdection of literature studies. For example, the report
dtates that monitoring data that contained specific chemica sources such as smoking were omitted, yet
severd of the literature studies that were included clearly measured chemica exposure in households
which had smokers. In addition, the BASE study evauated data from 100 randomly sdected office
buildings which did not drictly follow the described sdection process for literature studies.

In defining the second criterion of what contributes to a* reasonably high confidence in vaidity
of results,” the Agency should include the level of peer review for the udy/data. This recommendetion

examine the BASE and SIS studies, but the revised ranking methodology document should include a
discussion noting the type of peer review to which these sudies were subjected. Siheethedataareiot
pubtishedEven though both of these studies were published as EPA reports, it isimperaive that the full
data set be made available so they can be independently checked.

types of data transformations might be acceptable. For example, the arithmetic mean is identified in the
report as the most desirable measure of centra tendency. However, a number of studies only report

14
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the geometric mean {&ivh-and geometric standard deviationt(GSB). This criterion might specify thet for
these cases, the EPA will assume that the data are lognormally distributed and use the reported

indicated in the presentation at the public meeting that they conducted a comprehensive literature search

first and then narrowed down the number of studies from 65 to 10. EPA should explain this processin
the report and list the studies that were considered and failed to meet the sdlection criteriain an
appendix or at least report the years that were searched. Sufficient details about how and when the

won'’t need to be duplicated.

3.2.2 Arethestudies chosen for theranking analysis suitable, and are there other studies
that you believe should beincluded in thisanalysis?

From the exposure standpoint, the suitability of the studies depends on the overal purpose of
the analysis, which should be spelled out in the study sdection criteria as discussed above. |If the
question is whether the studies provide an informeative case for demondtrating the ranking methodology
with alimited set of chemicals, then the selected studies are adequate. However, if the god isto
provide aranking across the universe of chemicasin theindoor environment then the selected studies
clearly fdl short of the mark and the results are inappropriate. Although it ultimately depends on how
“representative’ is defined in the study sdlection criteria, a set of studies that represent a probability-
based sampling of al indoor non-indugtrid environmentsin the U.S. during the past, present or future

does not exist and will amost certainly not exist any time soon. Given the severe limitations of direct
monitoring data, it might be advisable to consider supplementing the approach with a*“ screening level”
indoor fate and exposure modd to draw upon other sources of information (i.e., emissions data,
chemica use data, activity data, ...).

Care should be taken to insure that the “ compound” identified in the monitoring studies matches
the “compound” addressed in the ranking analysis studies. This statement applies to the metds, not the
arborne organic compounds. In the case of the metas, the speciation is very important --- oxidation
dtate and associated ligands (e.g. in the case of trangtion meta complexes, the organic compounds
coordinated to the metal center). For example, manganese (Mn) has been identified in the appropriate
monitoring study (Clayton 1993) by x-ray fluorescence. This andytical method provides no information
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on the actud chemica(s) that contain Mn. Mn has sgnificantly different bioavailability in its different
chemical forms. Without knowing Mn's speciation in indoor air, it is not possible to properly metch its

arborne concentration to arisk.

3.2.3 Werethe methods used to select and statistically analyze the data within the studies
useful to the analysis?

A limitation of the sudies is that monitoring in severa studies occurred during avery limited
period, yet these vaues are used aslifetime daily exposure levels. Therefore, the mean vaue used for
chronic exposure could be an overestimate or an underestimate depending on how representative the
sampling period is of average yearly exposure for the chemicd in question. This problem can only be
corrected by obtaining better probabilistic based data that takes into account regional and seasondl

differences. These limitations aside, the mean is a more stable estimate than the 95™ upper limit for

The trestment of uncertainty in the report is somewhat inconsggtent.  Although the ranking ratios
are caculated and plotted for each data source providing arange of vaues, information about the
variance associated with these measurements for each building/study is lacking. In addition to variagbility
across smilar building types, the sources, distribution processes and remova mechanisms for indoor
pollutants will vary between residences, office buildings and schools (this was noted in Section 6.1 of
the report). However, this variability/uncertainty is not captured in the ranking ratio. Even if the EPA
assumes that there is no uncertainty in risk-based concentration (RBC) for policy reasons, uncertainty
reported for the measured concentrations can and should be propagated through the calculations to
provide estimated confidence intervals for the ranking retio. (See section 3.4 of this report for afull

discusson of uncertainty issues))

EPA used different vaues for means, undetected samples, and upper limit primarily because the
different studies reported data differently. If the primary god isto determine relative ranking of
chemicds, then it would seem that consstency of values used would be desrable. There were different
opinions among SAB members as to the relative contribution of this difference to the ranking in light of
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EOQ-in others. The rationale was to use vaues that were interndly consistent with each of the Sudies.
It is possble that the vaue used for non-detects could make a significant difference to caculation of
exposure and hence to the risk-based ratio especialy for those chemicas with large numbers of non-
detects. How much of a difference this makes depends on the risk based concentration for each
chemica. In other words, the contribution of the variability resulting from difference in assgnment of
vaues for non-detectsis not Smply 4-fold. Until a sengtivity andyssis conducted, it is difficult to
determine how significant these differences would be to the ranking andysis. Given that there were only
10 literature studies that required follow up, it would have been possible for EPA to obtain raw values
in order to conduct a uniform analysis. Since EPA will be using these studies as basis for
recommending action, it may be prudent to have the data supporting these literature studies in hand and
undertake the above sengtivity analyses.

The difference between indoor and outdoor concentrations is commonly used as a surrogate for
identifying indoor sources. Joint Committee Members expressed concerns about using this smplitic
mode which, asindicated in the report, can overestimate the influence of outdoor sourcesresulting in a
lower ranking for agiven indoor pollutant. For the chemicasincluded in this ranking, using the
indoor/outdoor difference did not seem to significantly dter the ranking for the chemicalsin the upper
20%. Therefore, to reduce the chance of removing a potentidly important chemicd from the ligt, we
recommend that al of the chemicas measured in the indoor air be included in the ranking process but
those sugpected of being predominantly of outdoor origin should be flagged or identified in the text.
Characterizing the source of the pollutant isimportant, but it istoo complicated and poorly understood
to include in the “ order-of magnitude’ screening method presented here. Removing the indoor/outdoor
results would aso have the benefit of reducing the number of outcomes to three (Chronic/Cancer;
Chroni¢/Non-Cancer; and Acute/Combined) rather than six.

One of the key srengths of thisreport isthat it highlights the limitations of existing monitoring
data. To take full advantage of this strength, the chemicals that were considered but removed from the
ranking process should be documented in a separate table or an appendix. If achemica was removed
from the ranking because of inadequate monitoring data or lacking toxicity data then that is very useful
information, and it should be noted. Detection of achemica lessthan 10% of the time may be an
indication that exposure to that chemical is episodic, but red, so completely removing these chemicals
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may be mideading both to the decison maker and the public, particularly when these are low
frequency, high concentration events and if the outcome of concern is acute.

There seemsto be an implicit emphasis on volatile organic compounds O€) and adultsin
that only indoor air concentrations are consdered. Expanding the ranking approach to include
surrogate data for other exposure pathways (i.e., house dust and surface wipes related to non-dietary
ingestion and dermd contact by children) would improve the way semi-voldile chemicds and metds
are conddered. However, including semi-volatile organic compounds {S©€)-and metds correctly

would significantly increase the complexity of the ranking procedure (semi-volatile organicsSeEs are

present in the gas phase aswell as in the condensed phase (on the surface of particles, carpets etc.);
they are partitioned between these two phases). If thisis beyond the scope of the report, then it should
be noted that a number of exposure media and exposure pathways were excluded from the andysis
(see discussion of study selection criteria).

As previoudy noted, it would be helpful to indlude a sengtivity andyssto identify the decisions
and data gaps that have the greatest influence on the ranking ratios. A range of sengtivity analyss
methods are available (Sdtelli and Chan, 2000), and many of them can be used without a significant

investment of time and resources.

3.3 Methodology for Selection of the “ Risk-based” Concentrations

The Joint Committee was generdly satisfied that the methodology is reasonable for the
isarationa way of making cancer and non-cancer risk analyses comparable. The use of two risk
levels (10° and 10*%) is a reasonable way of showing the sensitivity of the analysis to risk management
preferences. EPA rardly usesrisk levels outsde that range as criteriafor the acceptability of exposure.
The use of ahierarchica scheme of data preference is commonplace for ranking systems. There were

afew concerns and severa suggestions provided by the Committee.

Figures 4.1 through 4.3 in the draft report were very helpful in reducing complicated
procedures to a sraightforward format. Further details explaining the methodology presented in these
figures for generating RBC and operationa definitions for key terms such as RBC are needed. It is
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unwieldy to use reference documents to understand these essentid terms.

Overdl, the RBC seem gppropriately conservative given that the purpose of this processisto
provide a screening leve ranking of indoor air toxics. Preference was given to more protective risk
estimates rather than less protective exposure limits like occupationd exposure limits, which are not
desgned with the most sengtive individua or with the potentia for lifetime exposurein mind. On the
other hand, many of the sources on which the RBC were based are likely to have used toxicology
Sudies on adult animals. If developmenta toxicity studies were included, however, they are apparently
traditiond developmentd toxicology studiesin which embryos are examined towards the end of
gedtation. These studies do not evauate more subtle developmenta toxicity such as effects on the
reproductive, immune, and nervous system that are manifested later in life. Thus, it could not be readily
determined if the RBC was based on data or risk management decisions that took into consideration
potentia differences in susceptibility between children and adults. The report should include atable that
ligts the critica endpoint, study type and pecies, and brief description of uncertainty factors or unit risk
used to derive the RBC. EPA should dso address how the RBC, and ultimately the rank order, isor is
not relevant to children Given that children and pregnant adults may be the most susceptible populations
in the indoor environment, additional consderation should be given as to the impact of these rankings
on these two groups. Almogt al the Members of the Joint Committee find merit with this concept, i.e.,
providing adua ranking priority system (one designed for susceptible populations and another for less

susceptible groups). SneMember-disagreesTwo Members disagreed, however, noting that the
derivation of the RBC takes into account sensitive sub-populations and is sufficiently conservetive for

this order-of-magnitude ranking scheme, and that further analyses of specific chemicas should evaduate

effects on sengtive populations.

A qudlity control check was performed on four chemicals. Two were straightforward,
because RBC from the Integrated Risk Information System (IRIS) were used. When RBC were
gathered from other databases the process was not easily reproduced. One possible explanation for
thislack of replication may be related to the frequent updates of the Cdifornia EPA (CAEPA)
database. Thus, if the date on which the RBCs are abstracted from the databases are provided as
footnotes in Table B3, this confusion will be avoided. One or two examples outlining generation of the
ranking ratios from beginning to end wit-feettitateis needed to assure better understanding.
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Environmental Protection Agency (CaEPA) databases are a more current data source, then perhaps

the order of preference should be dtered. However, the inherent policy decisions in both databases
should be evauated before making such a decision. Information as to the quality control checks aready
completed by the EPA on the entire methodology should be provided.

Concern was expressed that use of a purely hierarchical selection process when there are
severd available RBCs seems to wagte information. Why not compare the different available RBCs
and make an assessment as to the weight of the evidence? Criteria could include how up-to-date the
Sudies are that were used to determine the RBCs, what assumptions were made in converting animal
datato human data, etc. The discussion of limitations on page 19 addresses this somewhat in that it
explainsthat for most compounds there was only one available RBC. However, the example of
benzene (for which there were severd RBCs) indicates a three-order of magnitude differencein RBC
from among four sources. The Joint Committee recommends that ORIA include an gppendix showing
the different possible RBCs for those compounds for which there were multiple options, aswas donein
Assessment Guiddines for cancer unit risk values. In thisregard, the participants dso recommend that
the endpoint on which the RBC is based be included in the tables.

Another issue identified concerned the question of why the ranking of sources for chronic and
acute RBCs changed compared to the Technica Support Document<{F+SB). The Joint Committee
noted the following.changes

a For the acute RBC, Cd OEHHA Reference Exposure Levels have been moved down

Response Planning Guiddines moving from third to second.

b) For the chronic RBCs the Ca OEHHA Reference Exposure L evels have been moved
up.and the EPA Hedlth Effects Assessment Summary Table (HEAST) moved down in
ranking. Which of these, if any, were derived with the generd population, including

more sengtive individuds, in mind? Those factors would be the most appropriate to

use for the current purpose.
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(0] Nationa Indtitute of Occupationa Safety and Hedlth (NIOSH) Immediately Dangerous
To Life and Hedlth (IDLH) moved from fourth to third. For the NIOSH IDLH, hasthe
vaue derived from dividing by 10 been compared to the acute one-hour mild vaues for

compounds for which there are IDLHs, ERPGs, and Reference Exposure Levels

For carcinogens, the risk estimates that were given priority were derived using linear multistage
modding, which assumes no threshold effects, and thus predicts higher unit risks than other models.
For extrapolation from humans to animals, doses were converted based on surface area (0.67 power of
body mass), rather than body mass. The former is the more protective approach. Findly, for cancer,
the more protective 95% upper confidence limits rather than means were used. For non-carcinogens,
preference was again appropriately given to the more conservative risk estimates. The EPA Reference
Concentrations (RfC), Agency for Toxic Substances and Disease Regisiry Minimum Response Level
(ATSDR MRLSs), and Ca OEHHA Reference Exposure Levels REES were used for determination of
chronic non-cancer RBC. Mogt of these are derived by applying a standard uncertainty factor of 10
for intergpecies extrapolation and another factor of 10 for inter-individua extrapolation to the No
Obsarved Adverse Effects Level (NOAEL) for achemical, resulting in a protective limit. Combining
the cancer risk estimates and the non-cancer based risk estimates is a good approach for a screening
level process and the use of two cancer risk levels permits the capturing of non-cancer chronic hedlth
effects that would have been “swamped out” by using only the 10° risk levels.

Ranking is not sengtive to a consstent bias in hedth-based concentration criteria. That is, if dl
EPA unit risk factors are overdtated by the same factor, then the pollutants will not be mis-ranked .
However, if hedth indices are inconsstently conservative (either within the EPA, IRIS system, or
across agencies), the potentia for mis-ranking arises. This deficiency of using criteriawith conservative,
but inconsstent, biases iswell known to be a problem for ranking systems, but probably cannot be
avoided in the absence of a data set based on centra or “best” estimates of toxicity criteria
Furthermore, the rankings cannot be interpreted to say anything about absolute risk. These issues

A voluminous amount of information waswell summarized in TablesB1 —B9. Theetables
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were presented in a straightforward and easily interpretable manner. Footnoting of the tablesis
needed, however. What appeared to be possible inconsstencies in the tables were not explained. For
example, Table B1 ligs four studies for styrene, with four having indoor building data. One of the
sudiesindicated (in Table B1 of Daisey’s 1994 article) that 12 buildings were studied. The frequency
of detection isindicated as 88%, but no number of indoor observationsislisted. These data appear
incongstent and confusing and can be easily explained with afootnote. Also, another table might be
added to summarize each chemicd, organized by the ranking ratio it achieved via each methodology.
This new table (B10) will asss the reader in assmilating the important information from tables B4
through B9 without having to flip back and forth.

Each ranking ratio methodology produced a different set of ranking ratios for the mgjority of the
chemicas. Thetop ranked chemical, formadehyde, was the exception, generating arank of 1 on each
table. The rankings for certain specific air toxics were surprisng to some Members, particularly for the
acute ranking. For example, ethanol and acetone ranked 12 and 13 in Table B5, whereas acute
toxicity from these substances in indoor air seemed unlikely to these Members. The explanation
probably liesin the linearity implicit to the ranking, asit does not ded with thresholds of toxicity. Thus,
the high ranking of ethanol and acetone is being driven by airborne concentrations, Some comment on
this limitation of the rankings is desirable, as there was concern about the ultimate interpretation of the

process and the results by both scientists and consumers.

In conclusion, the Joint Committee felt that the methodology for the selection of RBC was

limitations of the methodology could be better explained. Firgt, an gppendix ligting al the possble RBC

for each chemical derived from each of the different data sources should be added, allowing some of
the information lost by using a strictly hierarchica gpproach to selection of the RBC to be retained.
Second, adiscussion of limitationsin the toxicity studies on which the RBC were based should include
some indication that studies evauating effects on senstive subpopulations such as children and pregnant
women were probably lacking for most chemicals. Third, the endpoint on which each RBC was based
should beincluded in Table B3. Findty;the datafromwhich-the RBC-were-absiracted-shoutdbe

i i -Findly. the table should be
modified S0 thet readers can determine what version of a given data set was used to generate a specific
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3.4 Adeguacy, Limitations, and Uncertainties of the Analysis

The Joint Committee firgt provides an answer to the generd question of Charge 4 and then
addresses each of the more specific sub-questions posed by the Charge

Clearly, the adequacy of the analysis depends on how well it can serveits purpose. Limitations
and uncertainties will be more or lessimportant depending on the decisons that will be influenced by
the results and the environment in which the decisons are made. It does not make sense to devote too
much effort to improve the ranking system if that would significantly decrease the Office of Radiation
and Indoor Air's (ORIA) resources for actudly dedling with indoor air toxics. On the other hand, if
ORIA’sdecisonswill greatly impact those responsible for indoor ar qudity in resdences, schools, and

office buildings, then a flawed ranking can lead to serious mis-alocation of public resources.

According to the request for review provided to the SAB, the draft document was developed
to help focus ORIA’ s efforts on "the most subgtantial risks' as EPA developsitsindoor air strategy.
The document attempts to present an "order-of-magnitude”, screening-leve ranking using smilar
methodology to that used to select key pollutants for the Nationa Air Toxics Program/Urban Air
Toxics Strategy. EPA'sindoor ar strategy will likely use non-regulatory, voluntary incentives to reduce
risks from indoor pollutants. The document itsdf Satestheat its purpose isto “provide a screening-level
prioritization scheme for air toxics indoors [to identify] those pollutants that may present a grester risk

indoors. . .”

However, exactly what options will be prioritized remains unclear. Can ORIA develop a
control strategy for any indoor pollutant, or only those with more complete data sets? |s population risk
(in the sense of the annua incidence of debilitating hedlth effects) the principa concern? How important
are pollutants that might not affect alarge population, but would place disproportionately high risks on
asmdler population, such as the most highly exposed group or some vulnerable or valued group such
as children? To what extent can ORIA gather more information to improve the ranking, or must it rely
on exiging data? A ranking of research prioritieswould be different than aranking of action priorities
based on current information.

ORIA should be sure that the qudlity of the ranking system matches the needs of the usesto
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which it will be put. Asit stands, the system only addresses that part of the universe of indoor air toxics
that are *“under the lamppost” in the sense of having sufficient data available for ranking with the current
agorithm. The Joint Committee noted that use of default vaues or mode results for missing data could
expand the universe to be ranked, but of course with correspondingly uncertain results. Such a strategy
could at least help identify those pollutants that could be important, and suggest where research might
have the grestest payoff. Asit stands, the system is more useful as a screening exercise to identify
those pallutants that are not likely to be high in risk relaive to the highest ranking of the qudifying
pollutants. 1t may not be adequate to identify afew indoor ar toxics that deserve significant resources

for development of a control strategy.

With afew exceptions, the document adequately describes and discusses the mgjor
uncertainties of the andysisin quditaive terms. Improvementsin the treetment that might enhance the
utility of the document and its trangparency to readersinclude:

a) A better satement about what congtitutes adequacy, limitations, and uncertainties for a
ranking system. In the opinion of the Joint Committee, the key question is how often
might the Agency focus on an indoor air pollutant that poses rdlaively low "red"” risk at
the expense of deferring attention to an indoor air pollutant with relatively high "red”
to understand why the word "red” isin quotation marks.) Only limitations and
uncertainties that lead to substantia mis-ranking are important in judging the adequacy
of the ranking method and data.

b) Some discussion of quantitative measures of uncertainty is needed. Although the Joint
Committee recognizes that the available data are not extensive and prevent easy
quantitative characterization of uncertainty, the document could at least compare the
typica uncertainty in average concentrations (as represented by the standard deviation
on the mean concentration) with the range of ranking indices. For example, Figures C-
7 to C-9 suggest that the ranking index varies from about 3x10" to 1x10*for the
chronic Case 1 andysis, arange of over Sx orders of magnitude. If the uncertaintiesin
the concentration data are indeed "order of magnitude” in the sense of being within a
factor of 10 of the true population- and time-weighted average concentration, then that
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d)

uncertainty would only change rankings by perhaps 10 places, and rarely would a
pollutant ranked in the bottom third of the list actually deserve ranking in the top third.
Uncertainties of afactor of 10 in the RBC will have essentidly the same impact on the
qudlity of the ranking. Of course, if ORIA can only address one or two of the indoor ar
pollutants a atime, the influence of uncertainty will be greeter than if it can address
20% of thelig a atime.

The Joint Committee is not entirely comfortable with the document's explanation of the
Superiority of monitoring datato model results. Modds, if properly cdibrated and
vaidated, can sometimes compensate for deficiencies in monitoring data caused by
changesin exposure (e.g., the cancellation of pesticide registrations mentioned), short-

term vs. long-term monitoring, etc.

The uncertainty section does not mention children or other subpopulations. Itis
important to describe how they are or are not included in the andysis. The report does
not provide sufficient information to determine if the rank order is relevant for children.
At aminimum, the report should address this or consder it alimitation of the analysis.

The trestment of uncertainty in the report is somewhat inconsigtent. Although the
ranking ratios are caculated and plotted for each data source, thereby providing a
range of vaues, information about the variance associated with these measurements for
eech building/study is lacking. In addition to variahility across smilar building types, the
sources, digtribution processes and remova mechanisms for indoor pollutants will vary
between residences, office buildings and schools (this was noted in Section 6.1 of the
report). However, this variability/uncertainty is not captured in the ranking ratio. Even if
the EPA assumes that thereis no uncertainty in RBCsfor policy reasons, uncertainty
reported for the measured concentrations can and idedlly should be propagated through

the calculations to provide estimated confidence intervals for the ranking retio.

Until a senstivity andlyssis conducted, it will remain difficult to determine how
sgnificant differences in the trestment of non-detects, the measure of centrd tendency,
and other study design choices are to the ranking anadlyss. As noted earlier in this
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report, arange of sengtivity anayss methodsis available, and many of them can be
used without a Sgnificant invesment of time and resources.

3.4.1 Incomplete Data on Indoor Concentration and Hazar d/Risk Indices.

The consensus of the Joint Committee is that the andytica methodology is appropriate but the
avalable data are definitely lacking relative to providing a screening leve analysis for indoor air toxics.
Itisclear that dl or perhgps even most chemica species sdlient to human hedlth risk are not included in
the current database. Thislimitation is born of the paucity of exposure and hedth effectsdata. Thus
the andyssis useful for awell-defined universe of specificaly identified agents but can not dlam to
screen exidting risk from indoor air pollutantsin generd. 1t is therefore important to recognize and
document more fully the fact that this ranking may-beis flawed because not dl relevant chemicals could
beincluded. The document points to the lack of data for "thousands of chemicals" but perhapsthis
could be placed in better context for what it means for the use of the results by this ranking method.
Similarly, there should be a clearer explanation of why agents like radon and biologicals are not
addressed.

One gpproach to including more rlevant air toxics into the analyssis to consult with those
within the EPA working on Design for the Environment {BfE)-projects. This group has sudied
important indoor air sources and has facilitated the development of the Wall Paint Exposure Model
WPEM)-as a Sate-of -the-science modding tool that predicts the long-term time course of indoor air
concentration from paint concentration. (EPA, 19X X)

The most chdlenging part of doing a more comprehensive andysis of indoor air toxicants will
be in the identification and characterization of the most important species. Generd air monitoring in a
screening andysis for hundreds of volatile, semi-volatile and oxygenated species would be very useful.
Severd organizations have pioneered a number of techniques relevant to this area that may be of vaue
to the Agency.

On the hazard/risk indices, a discussion of the specific methods used in developing hazard/risk
indices from the various sources and their inherent limitations and/or biases would be gppropriate. The

use of ahierarchy is acceptable, once it can be shown that there is not systematic bias or that those
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biases are addressed.

3.4.2 Difficultiesin Determining the Representativeness/Accuracy of the" Typical" Levels

Indoors

Representativeness and accuracy of the "typica” indoor levels are very important in identifying
those indoor pollutants that present substantid risksindoors. As noted earlier, this begs for a definition
of "typicd" and “representativeness,” because it is accepted that these measurements are not accurate.
It would appear that as many varied settings were used as available, e.g., resdences, offices and
schools. Combining these different data would produce alarger database and improve Satistical
power, but it would make even more difficult drawing a conclusion about “typical and representative’
because the environments are so different. Some evauation of specific indoor settings would be better
to draw conclusions about representativeness for a given setting (homes only, schoals only, etc).

Other than this, it should be made clear that these are smply attempts to rank indoor air concentrations

and make no claims about representativeness.

Useful estimates of "typicd” levels are possible, given a sufficiently large database of
representative subjects. Thisis essentidly a gatistica question; however, it isfarly obvious that the
limited data available in thiswork are not large enough to assure ahigh level of confidence in these
esimates, and perhaps confidence limits around the estimates will help.

3.4.3 TheUse of Short-term Monitoring Data to Represent Chronic Exposure Periods

Although the Joint Committee is satisfied that short-term measurements are reasonable to use to
represent long-term averages for the purposes of ranking, additiona discussion of the possibility of bias
in the draft document, as well as suggestions for deding with bias when it isidentified, would be
welcome. For example, if dl the studies for a particular pollutant were conducted in summer when
ventilation rates might be higher and indoor concentrations from indoor sources lower, then their
rankings would be biased low in comparison to a pollutant with more representative year-round
measurements. A smilar problem might exist if different LOQ strategies were employed for different
pollutants.

27



© 00 N o o b~ W N PP

W W W N NDNMNDNMNNDNNRNNDNDIERIERR R 2 B B P R
N P O © ®© o 008 W NP O © 00 N O 0 W N PP O

Another concern is that some toxins could have more significant effects depending on when (in
the life cycle of the exposed human) exposures take place, e.g., causing birth defects in the fetus or
neuro-developmenta changesin infants. In this context, short-term measurements may not relate
accurately to sgnificant exposures, unless the studies were looking specificaly a sensitive populations

(see d 0 the discussion of sengtive populationsin section 3.5 of this report).

Any attempt to propose action would require a more detailed evauation of the relevance of the
timing of hedlth effects based on exposure.

3.4.4 IssuesRelated to the Age of the Data

EPA acknowledges that the pollutant concentration data on which the ranking isbased are
dated. Thisproblem isinherent in any ranking Stuation in which the conditions of exposure are
changing with time. Therefore, the conclusions can stand, if used to define rdaive ranking, but in this
ingance more than any other, vaidation is required to ensure that unwarranted action is not being
proposed.

The results should only be used for reative ranking, i.e, to identify the "top (those that
potentidly present the most substantia risks)" ranked or firgt tier chemicals versus ones ranked in the

middle or lower tiers.

Although an order of magnitude ranking will work, usng the results as a surrogate for absolute

risk is inappropriate because of the uncertainty in the database. Fo-be-expticit,theresdtts-shodtenotbe
tisedHfor-sbsotdteranking:

should perform some measure of vaidation. This may range from asmple check to see that the rdative
ranking makes sense to a quantitative assessment for chemicals proposed for control strategies. Any

quantitetive evauation should build on exigting data and previous evauations.

Findly, asthe Agency iswell awvare, there are numerous studies under way that will develop
relevant data. Examplesinclude toxicity testing data being generated under the high production volume
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HPY¥)-program and exposure data being generated by the National Urban Air Toxics Research Center
NYFRE)-0on gpportionment between indoor, outdoor and personal exposures. It isnot proposed that
the Agency wait on these data to support the current strategy but that the Strategy be subject to
periodic (perhaps annua) review to take advantage of published data.

3.4.5 Variationsin the Methods Used by the Various Agenciesto Arrive at the Health

Indices

The discussion of the influence of different gpproaches to health indices among the agencies
could be improved by noting whether there are consgtent differences (e.g., arethe ATSDR MRLs
congstently higher than EPA Reference Concentration when both agencies have published results for
the same pollutant?). If that were true, then a pollutant ranked with an ATSDR MRL might fal lower on
the ligt than asmilarly risky pollutant ranked with an EPA Reference Concentration.

The Joint Committee suggests thet the hierarchy of RBC methods be "calibrated” by comparing
anumber of materids that have RBC in dl or mogt of the available methods. These RBCs could then
be compared to each other to determine any level and type of systematic differences between them.
For example, one could describe a digtribution of ratios of estimates from one to another and the
parameters of the digtribution might be useful in determining adjusting factors that would "even out” the

estimates from each in aless biased ranking scheme.

An important limitation of the toxicity component of the ranking is that the severity of effect, or
level of concern, is not considered in this screening level ranking. Taking severity into account isnot an
easy task because it requires subjective assessment. However, at avery basic level, additiona columns
or anew table should be added that identifies the critica effects that are the basis for the risk based
concentrations, the uncertainty factors gpplied, and the unit risk for carcinogens. It should aso be
noted that the underlying assumption of life-time chronic exposure may not be gppropriate for al
chemicas evauated for chronic toxicity. A consderation of actua duration and level of exposure can
make an important difference to the toxicologica outcome and hence to whether the risk-based
concentration used is relevant.

The differences among the sources for the RBCs need to be more clearly stated rather than
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referring to the Technica Support Document for Hazardous Air Pollutants (outdoors). It isimportant
to recognize the inherent policy positions that are taken in each method and ensure that these are
explicitly noted. An evauation to show the level and direction of "bias’ (i.e., does one database
conggtently provide higher or lower vaues) would provide an additiona basis for determining whether

overd| the hazard/risk indices are congstent and provide meaningful results. The question to be

addressed is are the different indices supportive of each other or divergent and if the latter istherea

plausble, defensible reason.

3.5 Additional I ssues

The Joint Committee identified severd issues and concerns not pecificaly addressed in the

Charge:

b)

2,3,7,8-tetrachlorodibenzo p-dioxin was not on the tables but is referred to in text.

EPA recently developed the Nationa Air Toxics Assessment (NATA) and subjected it
to SAB review. Itisafirg cut a arisk assessment of air toxics from outdoor sources.
Interestingly, neither the NATA nor this proposed methodology document cite one
another. One of the criticisms of NATA isthat it does not address totd exposure
because it does not ded with indoor sources and one of the criticisms of this indoor
report is that it does not address total exposure, €liminating consideration of outdoor
sources. Some of the methodology is different across the two documents. It is not
possible to redo each of these documents with consistency, but each should
acknowledge the other and discuss theissue of air toxics risk from the viewpoint of the

total exposure of the person.

The authors of the report are not listed and there is no indication of other peer review.
Traditionally, names of authors and reviewers are provided to give credit to the hard
work involved, but also to let other reviewers understand the likely technica attention
paid to e ements beyond the scope of the SAB review. For example, were any
authors/reviewers expert in toxicology, exposure and environmental air monitoring to
enable judgments on the quality of the data used from unpublished studies and different
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d)

agency risk based concentrations?

The document will be used for screening, but it is not clear for what additiond future
purposes and by what entities. Thisinformation is centra to evauation of the adequacy
of the documen.

As noted above, children's specific health issues were not considered , nor were issues
pertaining to any group of humans that may have heightened sengtivity to these
chemicads. Thisisprobably dueto alack of data on these chemicds and ther rdative
effects on the developing animd or the developing human.

In consderation of indoor ar pollutants, child specific factors have to be taken into
condderation if the prioritization isto have its greatest rdiability and acceptance.

1) Children may have higher risks from a given exposure than do adults, due to
their neuro developmentd status or smdler sze. The child may be exposed to
chemicasthat are found at higher concentration at infant/child height than a
adult heights. The higher concentration of these chemicas a the lower heightsin
rooms may be due to the air pollutants being emitted from materids that are
found a lower heights such as floor coverings (rugs, varnish, eic), or chemicas
that are sprayed on the floor (pegticides), or pollutants that are heavier than air
and are found at higher concentration at lower levels. However, such exposure
assessments are complex, since convective mixing in most indoor settings may
be more than sufficient to prevent this type of dratification for contaminants
present at ppb levels. Furthermore, the different exposure routes for children,

such as derma and viaingestion, need to be considered.

The child aso has a higher exposure from a physiologica and pharmacokinetic
basis. The child has a higher tidd volume and relative higher respiratory surface

child breathing in more air pollutants and absorbing more chemicas from the air
than the adult breathing the same air pollutants. Once they are absorbed, the
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child may clear the chemicds at a dower rate than the adult (although it should
be recognized that higher rates of metabolism could lead to more rapid
detoxification and consequent reduced toxicity).

2) Children may be more sengtive to the toxic effects of pollutants for severd
reasons. Fird, children are disproportionately burdened with certain diseases,
such as asthma, that might make them more susceptible to the pulmonary
effects of indoor air toxics. Second, many organ systems, such asthe centra
nervous system and the reproductive system, continue to devel op after birth.
Even short-term exposures during critica developmenta windows can

permanently dter the function of these organ systems.

The prioritization exercise did not take any of the above issues into consideration.
Regarding animd studies, few of the studies examined the developing animd. Few if
any of the studies on humans involved adolescents, children, infants, or newborns, and
their heightened sengtivity and susceptibility, were not addressed. In the discussions of
the data and prioritization, there was no discusson or identification of which chemicas
the human child would be at greater risk from as compared to the adullt.

In kesping with USEPA guiddines, this exercise should take into consderation
sengtive populations, which include children, people with diseases such as ashmaor

chronic obstructive pulmonary disease, pregnant females etc.

Redlizing the published anima and the human data are probably not adequate to
quantitatively estimate the heightened or reduced sengtivity of children as compared to
adults, it would be a useful exercise for the Agency to identify those chemicals from
which children may be at grester or lesser risk, and, if possible, determine ardative risk
(lesser, dightly greater, moderately greeter, very much greater risk) as compared to the

adult. One Member noted, however, it was not clear how this goa could be

accomplished without the application of considerably areater resources than had been

devoted to this effort.  This Member sugoests that, given such resources:, a feasble

option might be to Smply highlight those substances for which there are known highly
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